Abstract
Introduction
Scholars in the healthcare field propose eating "5 portions of vegetables and fruits a day" to improve weight control and nutrition intake, and schools promote a fitness regimen with regular exercising habits. Numerous research projects focus on weight control. However, these studies regarding nutrition for children, weight control concepts, and obesity and obesity-causing diseases suggest a number of prevention strategies and recommendations that are only available for individuals with professional knowledge in weight control, or the suggestions could result in adverse effects [1] .
Obesity has a wide range of effects on health, which could influence anything from the head to the feet. Medical research reveals that obesity can increase the risk of cancer, such as breast cancer or endometrial cancer in females, and prostate cancer in males. In addition, the rising incidence of cancer is highly correlated to the eating habits of obese people. Therefore, effective weight control lies in diet control and exercise, bringing the least burden to the body [2] .
The Internet and the rapid development of wireless communications, "digital" and "personal ", "globalization", "Life" and "instant" of the network applications. The operation of government organizations, business operation and management of the school's teaching program and the daily lives of individuals, are considerable impact and far-reaching impact.
Network service system technology development in 1980, Client and Server applications (C / S Application) replace the mainframe and the terminal application architecture. Until the popularity of the Internet the Browser-based applications is replaced the Client and Server application architecture. The traditional HTML-based web application is using the page-style server-side data transfer mode. Users of IT application system had other problems. Thus, the software industry presented Rich Internet Application (RIA) framework as the WEB application user interface. RIA is a kind of Internet applications running on a rapid response capabilities. Also combines the ease of Internet application development and low cost characteristics. However, at present the plan on the RIA the AJAX technology is the most mature one, so the system project focuses on the use of Ajax to develop real time visual r interface that allows users to quickly get started and reducing the elderly on the threshold of learning the new system. Achieve effective weight control aim of the inspection immediately.
Based on the above mentioned weight control motivation to build a set of intelligent recommendation system, the method is based on the environmental conditions the user has immediate and accurate to recommend the most user weight control formula. The use of multi-agents to increases the recommended value of weight control.
Therefore, this study hopes to achieve the following objectives: 1.To establish a Knowledge Base weight control database: Search for related books and a large number of experts in the field of experience and knowledge, in tabular form with the knowledge to carry out the action of knowledge acquisition to construct the knowledge base. 2.Multi-Agent Mechanism: Use of multiple agents to analyze the mechanism of weight control. Division multiple agents using automated features to increase overall system performance. 3.Recommended Services: With this system, to aid weight control without the knowledge of the user, the system can directly use the recommended services. Prevent the user does not meet their needs, thereby enhancing the efficiency of the time. 4.Personalized user interface: There are many ways for weight control. It is often most users do not have the relevant expertise. Therefore, for non-professional user provides easy operation interface. And users to determine options for the recommended level of knowledge, and thus improve the accuracy of the system recommended.
To ensure that individuals pick the most customized way to control their weight, this study referred to the information technology of a "recommendation system" and "multi-agent," and applied them in the fitness field to develop an intelligent recommendation system for weight control.
Literature review
The core components in this study are weight control, knowledge management, recommendation system, and multi-agent. Details are discussed as follows:
Weight control
Obesity indicates an excess accumulation of fat in the body. Because people have different heights, a simple measurement of weight cannot reveal the condition of fat accumulation in the body. As a result, the body mass index (BMI) is suggested to evaluate the level of obesity. In addition, this method further highlights the association between obesity and other diseases. BMI is best associated with body fat, and is the most common indicator for obesity. The formula for BMI is as follows: Standard weight = Height (m) x Height (m) x 22…………………………………………………… (1) In the medical field, the ideal range for the BMI is between 20 and 25. A BMI between 26 and 30 indicates that one is over-weight, a BMI of 30 or greater indicates obesity, and a BMI of 40 or greater means that one is morbidly obese. According to the Healthy Medicine Learning Web of the Ministry of Education, an ideal BMI for health and prolonged life is 22+10 % [3] .
Knowledge management
Knowledge management comprises a range of processes and strategies that create, categorize, store, share, and refresh knowledge via information technology that generates values for business organizations or individuals. As shown in Table 1 , scholars have proposed several definitions for knowledge management. Knowledge management is a series of activities that help an organization obtain knowledge from itself and from others; a process requiring discreet judgments that assist in accomplishing the missions of an organization.
Drucker
Management is the most essential mechanism in an information society, and the core of management is to make use of knowledge, which means to employ knowledge in an organized and systematic fashion, and to further innovate knowledge.
Paul
Knowledge management is to continuously manage knowledge to meet every requirement, and to identify and apply current and previous information to develop new opportunities.
Source: [4] [5] [6] 
Recommendation system
A recommendation system is a model that uses statistics and knowledge discovery techniques to identify the useful behavioral patterns of users. The purpose of this system is to mimic the behavioral pattern of human beings to provide recommendations or information of specific fields for users [7] .
Therefore, the study adopted a "recommendation system" as an information-filtering system. A general recommendation system involves three primary steps: (1) user information is collected and further calculated and analyzed; (2) the system provides recommendations based on the results from the first step; and (3) users evaluate the recommendations and provide feedback to the system to update user information. 
Multi-agent
The multi-agent system (MAS) is a dispersed environment comprising multiple intelligent agents. Currently, numerous software or information systems contain various agent programs. Under the system environment of multiple agents, by elaborating the heterogeneity and communicating characteristics of multiple agents, specific skills, knowledge, goals, and plans of different types of agents can be incorporated to solve diverse problems [8，9，10，11].
Methods
Study methods included an analysis of environmental factors, a design of the rules for logical reasoning, the establishment of a knowledge database, and the design of a multi-agent system. System framework and the designing process are shown in Figs 2 and 3, respectively. According to the framework above, the study was divided into two levels: the user end and the server end, and are described as follows: (1) User end
To enable the information search function, the user must first install a browser in a portable mobile device or a computer that can connect to the recommendation system. The user communicates with system agents through a platform based on the ASP.NET technique. By entering query information regarding weight control, the user receives recommendations from the system. The server end is an agent-based framework. A multi-agent design was adopted to eliminate general tasks and fulfill the purpose of information transmission through agent scheduling and communicating, and knowledge sharing among agents. The communication among agents was based on the ASP.NET language, and information regarding weight control was stored in a database using SQL programming for further information searching.
Analysis of environmental factors
The study discovered that obesity was mostly a result of inappropriate diets. According to the literature, three environmental factors exist [12] , which will be described in the following sections:
Body mass inde
Body mass index (BMI) is an international indicator ( Table 2 ) that objectively assesses an individual body Fig using a formula that incorporates height and weight. The formula of BMI is as follows: Mild obesity 27≦BMI＜30 30≦BMI＜34.9
Moderate obesity 30≦BMI＜35 35≦BMI＜39.9
Severe obesity BMI≧35 BMI≧40
Source: Chinese Taipei Association for the Study of Obesity
Waist circumference
Waist circumference is another indicator for evaluating obesity. A measurement based on BMI that ignores waist circumference can result in disregarding a population that requires attentive care. The World Health Organization indicates that a waist circumference of Caucasians above 102 cm in males or 88 cm in females significantly increases the risk of type-II diabetes, hypertension, and cardiovascular diseases [14] . The Department of Health in Taiwan recognizes obesity for a waist circumference above 90 cm in males and 80 cm in females [15] . The formula of waist-to-hip ratio is as follows:
Waist-to-hip ratio = Waist circumference / Hip circumferen (3)
Calories
Calories are a measurement unit for energy, with which humans perform metabolic actions. Calories provide energy to maintain body temperature and eliminate sensations of feeling cold. Willett and colleagues [16] designed a diet guideline for weight control, the "Healthy Eating Pyramid" (Fig 4) , and suggested that compared to the "Food Pyramid" proposed by the United States Department of Agriculture, the new diet model could improve chronic disease prevention [17] . The traditional "Food Pyramid" did not differentiate between different types of fats or meats. However, recent studies reveal that fats and meats could be beneficial for weight control. Furthermore, the "Food Pyramid" Therefore, this study adopted the guidelines of the Healthy Eating Pyramid to set the standard for caloric intake. To ensure optimal recommended efficiency, the recommendation mechanisms contained five categories, which were grains, vegetables, fruits, milk and dairy products, and meat, beans, fish, and nuts.
Design of the rules for logical reasoning
Three types of logical reasoning exist, which are deductive reasoning, inductive reasoning, and analytical reasoning. The study adopted the characteristics of deductive reasoning, which holds rationality as a premise before arriving at inevitable conclusions. Based on deductive reasoning, the logical reasoning of the recommendation system was designed. The following is an example of deductive reasoning:
The reasoning process includes two types of inference chaining: forward chaining and backward chaining.
The inference engine of the recommendation system was based on "backward inference," which could be represented as a backward inference relation (Fig 5) . To close the definition of variables to the judging criteria used by experts, obesity and factors of obesity were supplanted by BMI.
Premise: There is a doghouse in the backyard of Mr. Wu's home. Conclusion: Mr. Wu owns a dog. 
Establishment of a knowledge database
Before establishing the intelligent recommendation system for weight control, required knowledge should first be obtained from experts. Authors adopted the rule-based knowledge representation method. Upon identifying that the specific knowledge can be recorded and utilized through the specific knowledge representation method, an analysis of the knowledge structure and defining associated properties were conducted. According to the knowledge structure and the associated properties of the knowledge from experts, an auxiliary mechanism helped retrieve knowledge, which would finally be used to compile the database. To establish the database for the recommendation system, 11 fitness coaches were selected as experts, and the repertory grid was used for knowledge acquisition.
The rule-based steps of the intelligent recommendation system are as follows:
Step 1: based on Rule (4), the system performs an assessment and a comparison between the parameter entered by the user and information contained in the database. For a successful procedure, all the parameters must meet Rule (4). Rule (4) is displayed as follows:
X nm : X denotes the variable for weight control, n represents the class of obesity, and m indicates the number of factors.
Input(m):
Input denotes the variable entered by the user, and m indicates the number of factors.
Step 2: a total target function is set according to each weight control factor that meets Rule (4), and the scores of every factor are set as the sub targets. The weight control factor is first divided into 10 equal parts, and a factor value is entered for comparison, where a score is generated according to the distance between the entered value and the median value. The longest distance results in 5 points, and the shortest distance results in 0 points. In the study, every sub target can be expressed as Rule (5), which indicates that the total target function is the minimum of the sum of the sub target functions. Rule (5) 
Z n : The total score of the nth weight control factor. Z nm : The score of class n obesity along with the mth factor.
Step 3: weight control scores require the user to sort them in ascending order. A lower score is more appropriate for the user. The last recommendation provided by the system is the "most customized weight control" package.
Based on the knowledge acquisition and assessment rules stated above, the following example displays the rules of the system: Rule 1: 
Design of the multi-agent system
This section describes the definition of three agent programs designed for the system. The definition table displays "Name of the agent," "Purpose," "Knowledge," and "Task." (1) "Name of the agent": identification of each agent in the multi-agent mechanism. (2) "Purpose": purpose of the agent. (3) "Knowledge": the required knowledge of each agent to successfully interact with other agents within the multi-agent mechanism. (4) "Task": the tasks and services each agent provides (Table 3 -Table 5 ). The complete procedure of the multi-agent mechanism is displayed in Fig 6 . 
Results and Validation
In the system, according to the three factors entered by the user, an indication of obesity, central obesity, or an appropriate weight control package is provided.
Prototype of the system
The system functions are described as follows:
Customized weight control package:
The webpage regarding waist-to-hip ratio is shown in Fig 7. The user (an obese individual) can enter parameters for assessment according to his/her environmental factors. Parameters include waist circumference, hip circumference, and gender. After entering the parameters, the user clicks the assessment button to check if he/she is considered to have central obesity. Central obesity is defined by a waist-to-hip ratio greater than 0.95 in males and 0.85 in females. After checking the status of central obesity via the waist-to-hip ratio, the user calculates his/her BMI to evaluate the obesity condition. According to the environmental factors, the user enters the parameters, including height, weight, and age. After entering the parameters, the user clicks the assessment button, and the webpage displays information regarding the ideal weight, range of ideal weight, suggested calorie intake, and general recommendations. The range of ideal weight is calculated by 22±10 % of the BMI, and the suggested caloric intake indicates the calorie required per day.
Figure 8. Webpage of BMI
The study referred to the five categories of nutrition as suggested by the Healthy Eating Pyramid: grains, vegetables, fruits, milk and dairy products, and meat, beans, fish, and nuts, which combined lead to a balanced nutrition intake. In addition, when a user requires weight control, he/she could choose among the recommendation packages based on his/her food preferences. The recommendation package assists users to control their weight and understand the recommendation content to make appropriate decisions (Fig 9) . 
System validation
To validate the suitability of recommendations provided by the system, a cross-reference was conducted between the results from the recommendation system and those from the experts. As shown in Table 6 , authors conducted telephone interviews to obtain environmental parameters of weight control from 23 students from a school. Five sets of data were used for cross-reference, and in each set of data, the same criteria were adopted to provide recommendations appropriate for users. These results are numbered, and were adapted to questionnaires for the experts. 110 questionnaires were distributed to the Chinese Taipei Association for the Study of Obesity (CTASO). 97 questionnaires were returned, yielding a questionnaire return rate of 88.18 %, with 94 valid questionnaires. The format of the questionnaire is shown in Table 7 . Recommendation results from the experts are shown from Fig 10 to Fig 14, where the X-axis indicates the weight (kg) and the Y-axis suggests the number of votes from the experts. A cross-reference betweeen the system results and those from the experts shows a level of consistency of 85.6 % (Fig 15) . 
Conclusion
Decreasing the frequency of obesity requires effective strategies. To achieve optimal efficiency of weight control, an individual must perform moderate weight control activities over time. Obsessing over weight could result in adverse outcomes. The study revealed that individuals seeking to control their weight might hold a number of biased concepts, which led to inappropriate weight control. To decrease issues of inappropriate weight control, the web-based recommendation system for weight control, which involves a multi-agent mechanism, can enhance the efficiency and precision of weight control, helping solve the obesity problem.
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